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Anterior Cruciate Ligameiit Stibstitiitiiig Kitee Replacesnent Fr^stliesfe 

This application claims priority to US pmyisionai application serial no. 
60/538,228, filed January 23/2004, the entirety of which k hereby hicc^ 

1 * Field ®f Use Inv ess lion 

The present itiventiOB relates to teee replacement prosthesis. More spdoificaHy s the 
mvea&m pertains to prosfhstie knee implants* which are implanted in the absence of a 
Junctional anterior cruciate ligament arid provide a si&sthnte for the function of the aQterk>r 
m&or a prosterior cruciate ligament 

2, B&cfcgronnsl c*£ tfe$ tmmiim 

The natural knee joint is eoraplemsoted by two collateral Jig^erite ? one on the lateral 
side of the joint and the other on the media! side thereof, each attached both to the tibia and to 
the fanx t The points of attachment of fee collateral ligaments to the femur are 
approximately on .-the', axis of the arc along which the other m& of the tibia moves and the 
1mm Bm&s* 3h addition to the two collateral Iggmejits m knee joint, there 

also are two emulate ligaments in the middle of the knee joint One of these cruciate 
ligaments is attached to the posterior margin of the tibia, while the other is attached towards 
the anterior mar gin of the tibia. Both ligaments are attached to 

the condyles ^proxhnateiy on the axis of the collateral ligaments. Often one or both of the 
cruciate ligaments, parficiils^ly the anterior cruciate ligament, deteriorate as a result of the 
degeneration of the knee joint, which gives rise to the need for a knee prosthesis hnplantation 
operation. Hence, the surgeon may remote the anterior cruciate ligament, or both of the 
eraciate ligaments* in the conrse of the implantaiioB operation. 

The absence of the noniial function of an anterior cruciate ligament leads to alteration 
in the gait and other functional activities of the total knee replacement patients and decreases 



the str^g& of the mnsdes about fee kEee. Many recent studies havfe shown that total knees 
without fimctio^ ligament move in an abnormal J^Mon wife the tibial 

femora! contact areas lying more posteriorly in full extension than in tlie normal intact knee 
with fenelioxiing a&terior cruciate ligament and moving anteriorly m paradoxical fashion with 
further kmc flexion (see fer exasaple, Komistek et at, J^?#r^&^^17{2):209-216 ? 2002). 
These positfeiis and »vements which are fee reverse to those occurring m normal knee 
produce abnormal knee fcbematios, wliick eat* lead to aitemtiom in fee gait and fonciional 
activities of the patients who often report difficulties with aetii^ities snch as stair descent, 
Fxntiieiiiiore, these alterations also decrease fee efficiency of fee quadiieeps niedianism 
winch decreases fee stee&gfe of fee teiee. 

The prosthetic kxm also is miyected to excessive wear due to large amounts of 
sliding between the femoral m& tibial bearing surfaces, which compromises the longevity of 
fee total knee replaoemente. The tibial eomponent is also subjected to abnormal rocking 
stresses due to the deviation of the tibial femoM contaet poMtS anteriorly and posteriorly 
fixnn the midlme during gait 

Knee prostheses, as known in the art (for example, US Patent no. 6^64,697}, have 
guided surfaces fcoughont the imge of motion fereou&ol of ar^or-posterior displacement 
of fee tibia, 'While this appear beneficial, in reaJity fee motion is determined by the 
remaining of collateral and cmciate ligao3ents. Any attempts to control this slidfeg motion, 
through oM fee range of flexion by guided surges, woidd he difficult. 

Previonsly known knee prosthesis contains tibial guide surface* which has an anterior 
and posterior upward sweep, which engages in recesses in fee fesnosa! component to 
confeibnte stability. Thus, the tBiddle snrfece of fee guide snrface is concave, when viewed 
from the top,, with prqfec&om on the anterioriy and posteriorly surfaces wife articulating 
surfaces on the posterior and anterior aspect, respectively. This would create abnormally 
high forces, which would tend to canse tiMng of the liner; therefore, fee tray at terminal 
extension and teioB, when fee femoral cam contacts fee anterior moat and posterior most 
aspects of fee tibial liner. Becanse, fee contact areas are far &om fee midEne of the tibial 
component These tilting forces can c<mm premature loosening of fee tibial component or 
breakage or disengage of the liner from fee tray. 
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A cam on the fknoml side engages the guide surface on the tibia or a guide surface 
which connects the medial and lateral condyles of the femat The space required to put the 
cam or the guide surface which extends ail fee way posteriorly results in excessive removal 
of tbe fefiwral bone mike iBtercoBdylar region. 

Knee replacement prosthesis can provide a substitute for the ftmctiosi ..of- an anterior 
cruciate ligament, particularly m cases where a knee joint has ceased to fimciion as a result of 
deformatwe joint disorders, jtomatism, or external injury* etc. Prior to the present 
invention, cnirently availa^ are substantially comptised of a 

faiioml component in which two protruding surfaces, i.e., medial and lateral protruding 
surfaces, are joined in a front and back relationship to form a femoral condylar portion, and a 
tibial component. Recessed smfeces in the tibial c^rnponent support the femoral condylar 
portion so that the fenioral condylar portion is capable of a sliding movement A roiling 
njovement are joined in a feont and back relationship to form a tibial condylar portion. The 
feniorai condylar portion, in this case* has a medial condylar section and a lateral coMyim* 
section, and both of these portions are foinied so feat fee ^ 

points of the ::iwo''pQiikaa& constitutes an approximate circular-arc curve in two dimensions. 
M a conventional prosthetic fcnee, imaginary extended lines of Ms approximate circular-arc 
curve in the anteroposterior direction are set parallel to each other, This parallel setting sets 
limitations on the region of possible movement of the prosthetic biee. Therefore, it is 
difficult to achieve maximum flekioti with si^fe approaches. 

Also, currently available total knee replacement prostheses implants generally require 
the sacrifice of ligaments and natural bone m order to accommodate £fae naechanism which 
attempts to drive and contmn the replacement knee in a more normal feshion- The 
mechanism usually includes a proniinent essence cm the tibia! component and a relatively 
iargg recess in the femur to accommodate the eminence. Such rt^lacement prostheses thus 
require more radical surgery and increase the shear stresses encountered at the interface 
between the inipi&nt and the natural bone. 

Total knee replacements provide dramatic relief of pain and improvement of functions 
for patients wife end stage arthritis of joints, However, most of the currently available 
prosthetic knee implants employed for the total replacement of the natural knee joint do not 
adequately replicate the function of the anterior cruciate ligament, which is either absent prior 

to the replacement procedure or is sacrificed during the procedure. In contrast tie posterior 
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efuciate lipmetit is often present regardless of the extent of the arthrosis m& greai cam is 
exercised either pr^m the function of the posterior cmei&te ligament during the 
replacement pro^dims or sBfostitote its ftoetion by specific features hi the dmga pi ifes 
prosthetic components. 

Several US Patent describe various aspects of artificial koee jomt prosthesis and 
significance of cruciate ligaments fenction (see for example, 5,413,604; 5358,527; 
6,406,497; md 6342,075). Severn! oilier US patents describe various comports of knee 
joint iBcluding femoral and tibial (see for example, 5,658342; 5,935,173; 6,074,425; 
6,558,421; 5,219362; 4316349; 6 ? GS0 S 195; 6,413,279; m& 5,011,496) components. 
Varioiss US patents also disclosed total knee replacement prosthesis which flexes to a 
complete flexion of up to 130° (see for e^asrEpfc, 6364,697; 4959,071; 5,147,405; 6390,415; 
5,282,869; 5,997,577; m& 6,152,960), 

However, until the instant invention, none disclosed a total knee replacement 
prosthesis, which ^ for fee faction of the cruciate ligaments, inctadiiig 

the ftoctioE of m anterior and/or a posterior crociate ligament 

SPMMAMY m THE IgTOHTI^H 

Gne aspect of the invention provides to knee replacement prostheses, wherein the 
prostheseis comprise a femoral corppem^fii ha^iiig a pair of condylar sur&ces and mi 
iBtercoiidylar region; and a tibial component fearing a tibial piatfimn md a bearing 
competent, such as a iKHi^obiie or a mobile bearing/ which artictd&te wlih the femoral 
component, wherein a protrusion or a tibial post &mn the bearing comporient articBiates with 
the iBtercoadylar portion of the femoral componmt The prostheses:, if desired, cm provide 
substitute for the feactiOB of the cmciafe ligaiite&is, incliiding the iknctlori of m anterior 
aiid/or a prosierior cruciate ligament, 

Another aspect of the mvmtioB provides Joiee repfecemeiri prostheses, wherein the 
prostheses comprise a floral eoiisponeBi having a pair of coxidylar surfaces md an 
iMercotidylar region; and a tibial component having a tibial platform and a bearing 
compo^est, such as a BOB-inobile or a mobile bearing, which articulate with the femoral 
component, wherein a protrusion or a tibial post from the bearing compoBent articiilates with 
the intercondylar porfei of the femoral compoiien^ the tibial post is substantially 

4 



curved in the sagittal plane to tnmslation of the femoral component 

during e^enskm and early fladoo, wherein anterior and posterior spaces of the post is 
curved to allow and control femoraMihial asciai rotaiioB, The prostheses, if desired, can 
provide substitute for the Amotion of the cruciate liganimts, including the Smcticm of an 
anterior and/or a prosterior cruciate ligament 

According to one aspect of the invention, the post can be anywhere from front to back 
of the tibial ccxnponent The anterior surface of the post is substantially curbed in the 
saghtaly plane to allow anterior translation of the femoral consponent during extension and 
eariy flexion Tta mterior surface of the postis of&et from the main coronal plane of the post 
by 0 to 20 degrees to control femora! component ^ Hie anterior surface 

of the femoral component contacts the anterior snrfece of the post in extension and early 
flexion. The flexion is between ahont 0 to about 20 degrees . 

According to another aspect of the invention* fee posterior surface of the post k 
substantially curbed in the sagiitaiy plane to allow posterior translation of the fernor&I 
component during late f!exion> The posterior sisifece of the femoral eoinporient contacts the 
posterior surface of the post hi iate iiexxoii. The flexion is between about SO to about 150 
degrees. The posterior surface of the post is siibstaBtialiy curved in the coronal plane to 
allow femoral conxpement internal and external rotation. The posterior siarface of the post i$ 
offset from the main coronal plane of the post by about 0 to about 20 degrees to control 
femoral component rotationin flexion. 

In another aspect, the indention provides a knee replacement prosthesis, wherein the 

prosthesis comprises a femoral component having a pair of condylar surfaces md m 

intercondylar region; and a tibial component having a tibial platform and a hearing 

component such as a non-mobile or a mobile beating, which artictrtate with fee femoral 

component, wherein a protrusion or a tibial post from the bearing component articnlates with 

the . intercom of the femoral component, wherein the tibial post is siibstantialiy 

curved in the sagittal plane to allow anterior-pasterior translation of the femora! component 

during extension and early flexion, wherein anterior surface of the post is cmrved medial 

laterally to allow femoral-fiMal axial rotation, wherein the femoral and tibial components are 

shaped in such a way ifa&t the^ b^s a radius of curvature at its 

distal most aspect which is sH^ anterior surface 

of the tibial projection, thereby providing a camniing action, wherein the anterior articular 
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surface of the tibial component is curbed with a radius of curvature of the condylar surfaces 
which are about the same radius of curvature or slightly larger radius of curvature of the 
corresponding anterior condyles of the femoral component The prosthesis, if desired, can 
provide a substitute for the fraction of the cruciate ligaments, iucludsag the hmctiou of as 
anterior and/or a prosterior cruciate ligament. 

According to one aspect of the invention, the anterior surface of the post is offset foia 
the main coronal plane of the post by 0 to 20 degrees to control femoral component rotation 
in extension. The post can be anywhere from front to back of tire tibial component. The 
anterior surface of the post is substantially cuwed m the sagittaly plane to allow anterior 
translation of fee femoral component during extension and early flexion. 

According to another aspect of the invention, the posterior surface of the post is 
substantially carved in the sagittaly plane to allow posterior translation of the femoral 
component during late flexion. The posterior surface of the femoral component contacts the 
posterior surface of the post in late flexion, wherein the flexion is between about 80 to about 
1 50 degrees. The posterior surface of the post is substantially curved in the coronal plane to 
allow femoral component internal and external rotation. The posterior surface of the post is 
offset from the main coronal plane of the post by about 0 to about 20 degrees to control 
femoral component rotation in flexion. 

Yet hi another aspect, the invention provides a method of repairing & damaged knee of 
a patient in need by implanting a total knee replacement prosthesis comprising Site steps of: 

(a) providing a femoral component having a pair of condylar surfaces and an 
intercondylar region; and 

0) providing a tibial component having a tibial platfoiin and a bearing 
component, such as a non-mobile or a mobile bearing, which articulate with the femoral 
component, wherein a protrusion or a tibial post from the bearing component articulates with 
the intercondylar portion of the femoral component, wherein the tibial post is si&stantlally 
curved ia the sagittal plane to allow anterior translation of the femoral component during 
extension and early flexion, wherein anterior surface of the post is curved medial laterally to 
allow femoral-tibia] axial rotadon, wherein the femoral and tibial components are shaped in 
such a way that the femoral intercondylar snrface has a radius of curvature at its distal most 
aspect which is slightly smaller than the radius of ciuvature of the anterior surface of the 
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tibial projection, tfeeteby providing a caiimmg action, \vfeerem the ant^c^ articular surface 
of the tibial component is curved with a iadiua of eiitvature of the condylar surfaces which 
are &bont the same xadiM of curvature ox slightly larger radius of onrvaiere of the 
corresponding anterior condyles of the femoral component, thereby providing a total knee 
replacement prosthesis. The prosthesis, if desired, can provide a sxibstitEte for the Miction of 
the cruciate ligaments, inefodiog the fonctioii of m anterior mdJor a prosferior crociate 
ligament 

According to one aspect, the inyeotioii provides methods of pairing a damaged knee 
of a patient in need by iniplmting a total knee replaoemeat -piira&0^;wh6Eem the anterior 
snrfaee of fee post is of&et from the main coronal plane of tfae post by 0 to 20 degrees to 
control femoral component rotation in extension* wherein the post can fee anywhere from 
front io bac^c of the tibial compon^ is sufctiiy 

curved m the sagittaly plane to allow anterior t^ 

extension and early flexion, wherein the anterior surface of the fenioral coiaponent contacts 
the anterior snrf&ee of the post in extension and early flexion^ and wherein the flexion is 
between abont 0 to afeont 20 degrees. 

AccordiBg to another aspect, the invention provides methods of repairing a 
damaged knee of a patient m need hy implanting a total Mm replacement prosthesis, wherein 
posterior surface of the post is sufostantially curved in the sagittaly plane to allow posterior 
traoslaticm of the femoral component during late flexion, wherein fee posterior srsrface of the 
femoral eompon^t ooritacts the posterior surfece of the post in late fie&km, wherein the 
flexion is -b&weotii about 80 to about 150 degrees, wherein the posterior surface of the post is 
substantially eiirred in the coronal plane to allow femoral component internal and external 
rotation, wherein the posterior surface of the post is ofiset from tfee main coronal plane of t&& 
post by about 0 to about 20 degrees to control femoral component rotation in Mmion. 

Still yet in another aspect, the invention provides a method of making a total knee 
replacement prosthesis comprising; 

(a) obtaining a femoral component having a pair of condylar surfaces and an 
intercondylar region; 

(b) obtaking a tibial component having a tibial platform and a bearing 
component; 
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(c) articiilating the tibial pktiform and the bearing eompoiaeat with fee. femoral 
component; 

(d) articulating a protrusion of a tibial post fiom fee hearing component with the 
intercondylar portion of the femoral compoiient; 

(e) sh^Hig the fereor&I and tibial components in sneh a way that the femoral 
intercondylar surface; has a radius of curvature at its disM most aspect which is slightly 
smaller thm the radius of cnrvatare of the anterior surface of the tibial projection, thereby 
providing a camming action; and 

(f) curving the anterior articular surfece of tte tibial eonrponeni with a radius of 
curvature of the condylar sin-faces which are about the same radius of curvature or slightly 
larger radms of curvature of ffie eon^espQBdiiig antmor condyles of the feosorai component* 
thereby providing a total knee replacement prosthesis. The prosthesis, if desired, can provide 
a substitute for the amotion of the cruciate ligaments, including the fiction of m Mtefior 
and/or a prosterior crueiate tigasneni 

Unless otherwise defined, all technical md soioitific teims used herein hi their 
various grammatical forms have the same meaning as eominoiily understood by one of 
ordinary skill m the ait to which this fevmtion belongs. Although methods and materials 
similar to those described herein can be used in the practice or testing of the present 
invention, the preferred methods and materials Me dumbed Mow, In case of conflict, the 
present spccifkation^ including definMons, will control U addition, Qie materials, methods, 
and examples are illustrative only and are not limiting. 

Further features, objects, and advsnta^s of the present invention are apparent in the 
ciaisxs aiid the detailed description feat follows. It shonid he imderstood, however, that the 
detailed description and the specific examples, while indicating preferred aspects of the 
invention, are given by way of illustration only, since various changes and modifications 
within the spirit and scope of the invention will become apparent to those drilled in the art 
from this detailed description. 



8 



wo imsmiimi 



gglEF BESORIFriON Off THE PEAWMGS 

Mgure 1 $b$w$- a diagrammatic illustration of a tibial ptos&etic knee implant 
containing twci condylar spaces ((2> and (4)) and m. mimoon&ylBx projection $), itaferior 
condylar sui&ces {(8) and (10)) are curved m& elevMed axsteriorly to conform to the anterior 
femoral component. 

Figure 2 depicts separated femoral and tibial oomponmts to ilfestrate the engaging 
surfaces on the tibial condyles ((&) and (X©)) and on the tibial component prelection (12). 
The femoral conifKMimt shows the spitetlor femoraJ condylar ((16) aad (18)) and the 
iBtsrcondyiar portion (14), 

Figure 3 illnsiraies a cross sectional view of the femoral 
articulating with each ote in Ml extension to mid ftexioau The iBtarcondyiar portion of the 
femoral compoa^it (14) is engaged wii the anterior surface of the tibial projectioii (12), the 
anterior femoral condylar ((16) and (18)) is slided over the anterior tibial condyles ((S) and 
(16)). 

Figure 4 depicts an exploded view of to femoral and tibial components, showing & 
tibial eosnponent with & centra! projection (28) with &!3ieriar(22) and posterior (24) surfeces, 
which artknl&ie with distal hiiercondylar surface of the femoral compon€nt (26) and an 
intercondylar cant (28), 

Figure 5 illiterates a cross sectional view of the femoral and tibial components, 
depicting a tibial component with a central profection (28) wife anterior (22) and posterior 
(24) si3ifeces r whi^ is articulated with distal inteimndylar surface of the femoral component 
|26) and an intercoBdylar earn (28) during a late flexion. 

Figure 6 shows an exploded view of the secondary artieiiiating surfaces, the femoral 
and tibial consonants. 

Figure 7 depicts a cross sectional -view of the tibial post and the. femoral stop. The 
stop prevents the femur from displacing posteriorly in Ml intension, and. the anterior 
irrtercoMylar region of fee tihM liner prevents the femnr from displacing anteriorly as the 
femur m flexed. 
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Figure 8 shows a cross sectional view of tfee arliculatffig mi t&e secondary stop 
surfaces, conforming raidsite snrfeees of tibial Bues and the .Mercondyl^ groove on the 
femur. 

Figure 9 shows a superior view of the post, the curvature in the transverse or frontal 
plane, which allow rotation of the tibia on the femur, 

Sigtire 10 depicts a c^oss sectional view of tli€ post 

Figures tl-A, Il-B, and Il-G show contact tiblal-famoral articulation of fee 
Ulterior cruciate substituting Mee at 0, 60, and 90 degrees of flexion respectively. 

Figures 12-B, and 12-C show contact at the tibial-femoral articulation of the 

coBVCBticmal posterior cruciate s^stitutiBg knee at Q, 60, asd 90 degrees of flexion, 
respectively. 

f%are 13 depicts tibial post forces (shown by arrows) in fee anterior cruciate 
gobstiteti^ Ml extension, 

figure 14 depicts tibial post forces (shown by arrows) in the conv^om! posterior 
onjunates^^ tension. 

Figure .15. Cositact stresses on the tibial surfaces show midlist contact ad anterior 
post contact in full e&tensiott 

Figure 16, Vector plots of the contact stresses in Ml e^ension show post contact 
stresses below 3 MPa. 

Figure 17 shows bicMclata substituting tibial Kn^ wl&x a post to articulate wife the 
intercondylar portion of ike femur. 

Figure 18 depicts dffiferejit close up views of abkrociate substiintmg post. 

Figure 19 shows dif&reBt ^iews of asyimnetric post (medial side is smaller in front- 
back dimensions thm the lateral side to allow Femoral component mtmxai rotation in 
flexion). 

Figure 20 depicts anterior cruciate ligament ^ with Intact posterior 

cruciate ligament of a. low conforming design (shallow dish), with central post that is 
substantially curved m the sagittal and coronal places. Arrow indicates fee intercondylar 
region of the feBmr where the post articulates. 

10 



WO 2005/0726S7 



Figure 21 shows a sketch of a deep dish asxterior ctneiate sub^titudrig knee with 
ftontal femoral cam. 

Figure 22 depicts diffareiii views of femoral component that as^cidstes with fee 
blcruciate substitatiiig tibial iiner wife a posterior cam only, 

CTBTAILEB BESCMFTION OF THE MV^g^ION 

The invention provides knee repiacemerrt prostheses, which can provide a substitute 
function for the faction of the deficient anterior and/or a prosterior cruciate Mganient The 
prosthesis comprises a femoral component, baying a pair of condylar surfaces and an 
iBteroondylar region,, a tibial conspoo^it having a tibial platform and & bearing conipaneni, 
which artic\dafes wife the femoral component, and a protmsion fem fee bearing component, 
whieh aitictilates wife the intercondylar portion: of fee femoral component so as to displace 
the tibial component anteriorly m extension, and to snbstilijte the ftmetion of the deficient 
anterior and/or a prosterior cruciate ligament while allowing posterior movement of fee tibial 
component in flexion and axial jotaiiaoa! movement between the f&mm and the tibia. The 
bearing component of the indention is preferably a iion^dn^ component by being fixed to 
the tibial component 

The femoral and the tibial components of a total Imee replacement in which the 
function of the anterior cruciate ligament is impaired or abseet has necessitated the provision 
of the herein described prosthetic knee implant which can povide a replacement for the 
anterior cruciate ligament The invention provides a prosthetic knm implant, which, if 
desired, can provide a sifestit^ anterior cruciate ligamemt of a prosthetic 

knee in which the function of the anterior cruciate ligament is impraed or Assent * The 
prostbetie loiee implant of fee instant iiiver^ion also prevents the particular relative motion, 
for example, movement in a paiadoxicaj. iasMon, expmmeed between fee femoral and the 
tibial components m an anterior cruciate ligament defcient knee joint. 

According to fee invention, fee fxtBCtion of anterior cruciate ligament in a prosthetic 
knee inipiant is provided by a central projection from the mtercondylax region of fee tibial 
component, wMch articulates with fee intercondyiar surface of the femoral condyle. The two 
components axe sbaped in snob a way feat fee femoral Mercondyiar smfece has a radius of 
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eumtute at its distal most aspect which is i&ghtly smaller than the radhxs of CErvatBre of the 
anterior sur&oe of the tibial pro} ection so as to provide a camming action aad displace fee 
femoral condyle anteriorly m Ml extension, The anterior articular surmce of the tibial 
compoBent is also curved with a radius of eoivatiste of fbe condylar surfaces, which are about 
the same radhss of curvature or slightly larger radius of curvature as the corresponding 
anterior condyles of the femoral comp&umt so as to displace the femoral ooiBpotimi 
posteriorly as the knee is flexed. Duong the late stages of flexion fee femoral com 
fhr&er displaced posteriorly by the posterior cruciate %anienk Another aspect of this 
feverrtimi involves sobstitotion of the anterior as well as tile posterior cruciate ligaments by 
providing curvatams to the anterior mid posterior m$x$mss of .the post in to wMoiiffie aMerior 
surface of the distal intercoiidylat surface aad a cam engage respectively. Urns, m late fie«o& 
the femoral compoiieM Is further translated posteriorly eagagmg the cam with the posterior 
siiT&ce of the tibial projectioo, while in mM-fedon fee femora con^oEeot is translated 
posteioriy by the engagement of the anterior coiidyies of the femoral component with the 
anterior eoBdyles of the tibial eoMpGBetit and m early flexion the femoral component is 
trai^iated anterior hy the engagement of the anterior iBtercoodylar surface of Oie femoral 
component with the anterior surface of the tibial projection. 

According to the inveotion, the anterior surface of the femorai component contacts the 
anterior surface of the post in ^xtmskm between -30 degrees of extension (£e 30 degrees of 
flexion} to 15 degrees of hyperexfeiisioa, 

The articiilMion betwem the post aiid the fesnorai co^pone^ extensioii 
m& posteriorly in flexion) controls the anterior-posterior locaiic^ 
weight hearing articulating sorfkees of the femoral and the tibial components. 

Aspects of the present iiw©niion provide variable stops only in late extension m& late 
flexion by the interaction of the tibial post and the intercondylar surfaces of the feinnr. Thus 
in most of the mid range of flexion the hxiplant is ftee to move guided by the hgaments and 
the aiticidating smfaces and not by the guide surfaces en the tibia. Besides, the presence of 
the tibia guide surfeee, wMeh extends from the front to the back of tibial component, does not 
allow preservation of the posterior cruciate ligament. The single post of the infant knee 
prosthesis only occupies the Biid-portion of the tibia and does not extend all the way back to 
the posterior aspect of the tibia; therefore,, allows a cat out in the tibial component for 
preserving the posterior cmdate ligamept. 
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& one aspect* fee anteriaor cruciate sijtostitutiBg total knee of the instant invention has 
a single projection in the middle and wife articMlatitig mirftos on the anterior and posterior 
aspects (rather than posterior and anterior aspects). These articulating surfaces are much 
closer to the midline of the tibial liner and do not lead to imich tilting of the tibial component 
which co old cause loosening or other proMeins, 

According to the mstant mvention, the intercondylar region which engages with the 
tibial ktsrcotidyiar region of the anteriaor cruciate substituting knee only extends to mid. 
position of the tibia and does not require excessive hone reseetion fern the ieinur. 

The knee prosthesis of the hiveBtion has a variable stop surface on the posterior and 
aspects of the tibial post which am J^stantislly mrved m the sagittal plane to allow anterior- 
posterior translation of the femoral component during extension and early flexion (that is the 
post can be anywhere &om Mmt iobmk of the tibial coosponeHt), but the radius of cmr^tere 
is determined by the amoral of desked anterior-posterior translation. The post has a variable 
radius of culture, preferably less than about 10 mm* 

The knee prosthesis of the invention, wherein the anterior surface of the post can be 
ofiset Iot the main coronal plane of the post by about 0 to afeont 20 degrees to control 
femoral conrpooeM rotation in extension (i larger firont to back dhnenslons on the kterai 
aspect for the post than the medial aspect). The anterior snrfece of the post can be 
siihstantially curved in the sagitoly plane to allow anterior-posterior translation of the 
femoral component duimg extension and early flexion. 

The knee prosthesis accoidhig to the invention^ wherein the posterior surface of the 
post can he sisbstantially esnvad in the sagittaly plane to allow ai^erior-posterior translation 
of the femoral component during late flexion. The posterior surface of the femoral 
component contacts fee posterior surface of the post in late flexion, wherein the flexion is 
between about SO to about 150 degrees. The posterior surfece of the post also can be 
stibs tantiaUy curved in the eoroeal plane to allow femoral component internal and external 
rotation. The posterior surfece of the post can be offset from the main coronal plane of the 
post by about 0 to about 20 degrees to control femora! component imation in flexion (I e*- 9 
larger fiont to back dimensions on the iaterai aspect ibr the post than the medial aspect). 
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The knee prosthesis of the invention has a tibial post which preferably bm a 
downward sweep 00 fee anterior posterior aspects and preferably does not have an upward 
sweep. 

XMike coEyentiorial knee prostiiesis, wMcii controls the aMerior/|)osteriot -podtlOB of 
the femoral component relative to the tibia! platform at any angle of fitmon, the knee 
prosthesis of the iiweiitioB controls the earty and late fle&ions only and not in the middle 
flexion. Laxity of the knee is not required to be less than 3 mm in tbe case of a flexion of 
greater thaa about 60 degrees. Thus, the knee prosthesis of tbe invention can provide a 
substitute for the &Bctiom of the crucsat© ligaments* including the fimctiOB of m Ulterior 
and/or a pxosterior cnieiate ligament 

The invention provides methods of repairing a damaged knee of & patient in need by 
iisplmtiBg a total knee x^laoesnenf prosthesis comprising fee steps of: (a) providing a 
femoral coropoBeBt^bavixig a pair of condylar sur&^es and an infercoiidylar r^giom; and (b) 
providing a tibial component having a tibial platform ami a bearing oomponc&t which 
artiottiate with tbe femoral compcmmt/wberek aprotradon or a tibial post ftora tbe bearing 
comppneBt articulates with the Mercondylar portion of tbe femoral censpoaent, wherein the 
tibial post is s^bst^tiatly curved in the sagittal plane to allow anterior translation of the 
femoral eompcmeat during extension and early flexion, w&erein anterior stirface of tbe post is 
curved medial laterally to allow femo^tibial axial rotation, wherein the femoral md tibial 
com|>OEents are shaped m sueba way that tbe femoral irit^coiidyiar surface has a radius of 
eiirvgture at its distal most aspect wWefa is slightly smaller ten the radius of curvature of the 
anterior surface of the tibial prejec^on, iherd>y providing a camming action, wherein the 
anterior articnl&r snrfaee of the tibial component is corved with a radius of curvature of the 
condylar surfaces which am about the s^rne radius of cnrvstore or slightly larger radius of 
cnrvatnre of the corresponding anterior condyles of the femoral component, thereby 
providing a total knee replacement prosthesis. 

to one aspect, the invention provides methods of making a total knee replac^nent: 

prosthesis comprising;: (a) obt^ning a femoral component having a pair ox condylar surfaces 

and an inierccmdylar region; (b) obtaining a tibial component having a tibial pM&rm and a 

bearing component; (c) articulating the tibial platform and tie bearing component with the 

femoral component; (d) articulating a protrasion or a tibial post from the bearing component 

with the intercondviar. pordon of the femoral component; (e) shaping the femoral and tibial 
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components in such a way'^^/Ssrao^ iiit^amtyiar surface has a radius of curvature at 
its distal most aspect which is slightly smaller than the radius of eewatiire of the a&tsrbr 
surface of the tibial projection, thereby providing a camming aotipts; md (f) curving the 
anterior ^ticular swface of fte tibid component with a radius of curvatexe of the comiyiar 
surfaces which are about the same radius of ciirvatiire or slightly larger radios of ciirvatore of 
fee eonespoiidiiig anterior condyles of the femoral compomeiit, thereby providing a total knee 
replacenimt prosthesis. 

The methods also provide that the anterior surface of the post is offset feom tha main 
coronal plane of the post by 0 to 20 degrees to control femoral component rotation in 
exteosioii, whordm &e post caa be anywhere from &mt to back of the tibial component 

According to the Methods disclosed herein, wfccmiu th§ asiterior surface of the post is 
substoitially carved k the sagittaly pkne to allow anterior Iransiatio^ of the femoral 
component ifeong extension md early flexion, Ths posterior surface of the post also is 
ti&tfmj&tity. curved m the sagittaly piano to allow posterior timisiatioB of the femoral 
component dining late flexSon. The posterior mrfkce of the femoral compOBeBt contacts the 
posterior siJSface of the post in late flexion and the flexion is between ahoM SO to about ISO 
degrees. The posterior sBxfaee of the post can be substantially curved in the coronal plane to 
allow femoral eoniponeat internal and external rotations. The posterior surfece of the post 
can also be offset from the main coronal plane of the post by about 0 to about 20 degrees to 
control femoral componeot rotation in fiesrioiL 

The invention will be understood more Mly, while the objects and advantages will 
become apparent, m the following detailed description of preferred embodhnmts of the 
invention illustrated in the aeeoinpanymg drawmg: 

Referring to Figure 1 ? a diagrammatic illustration of a tibial prosthetic knee, implant 
constructed in accordance with the present invention. The tibial prosthetic knee implant, 
according to the invention^ has a pair of condylar surfaces (2 ? 4) and m intercondylar 
projection (6), The anterior surface of the intercondylar surface contains a cnrvatnre with 
either a Bced radras of cnr^atere or a varying radius of curvatee and accepts the 
intercondylar region of fee ifemoral ccxmponeot in fell extension and early flexion (flexion 
angle is approximately 0 to 20 degrees). The anterior condylar surfaces <8 ? 10) also are 
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curved and elevated anteriorly to eoxrfomi to me anterior femoral component and displace the 
femur anteriorly in Ml flexion (flexion angle is approximately 20 to 90 degrees). 

Sa Figure 2, the femoral and tibial components of a total knee replacement prosthesis 
are separated to illustrate the engaging surfaces on tbe tibial condyles (8,10) and on the tibial 
component projection (12). Diagramatieally illustrated femoral component shows the 
anterior femoral condylar (16 J 8) and the intercoodylar portion (14). The intercondylar 
portion (14) engages on the anterior surface of the tibial proj ection in MI extension and early 
flexion. 

As best seen in Figure 3, a cross sectional view of the femoral and tibial components 
articulating with each other in Ml extension, according to an aspect of fee invention. The 
intercondylar portion of the feteoml component (14) engages with the anterior surface of the 
tibial projection (12) in Ml extension and displaces tire femoral component anteriorly. In 
mid flexion, the anterior femoral condylar (16,18) slides over the anterior tibial condyles 
(8,10) and displaces the femoral component .posteriorly. The intact posterior cruciate 
ligament farther displaces the femur posteriorly in late flexion (flexion angle is about 80 to 
about 150 degrees). 

Referring now to the drawing, and especially to Figure 4 thereof, is an exploded view 
of the femoral and tibial components of an anterior and posterior cruciate substituting total 
knee prosthesis, showing a tibial component with a central projection (tibial post) (20) with 
anterior and posterior surfaces (22 and 24, respectively), which articulate with distal 
intercondylar surface of the femoral component (26) and air intercondylar cam (28). Busing 
late flexion the mteraetiorr and the posterior surface of the femoral projection and die cam 
displaces the femoral component farther posteriorly in a posterior cruciate deficient or 
substituting total knee. The anterior surface (22) of the post (20) is curved in the transverse 
plane, which allows femoral rotation on the tibia. 

As illustrated somewhat diagrammatically in Figure 5, is a cross sectional view of the 
femoral and tibial components of an anterior and posterior cruciate substituting total knee 
prosthesis, a tibial component with a central projection (20) wife anterior and posterior 
surfaces (22,24), which articulate with distal intercondylar surface of the femoral component 
(26) and an intercondylar cam (28), respectively. During late flexion the interaction and the 
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posterior snrfeoe of the taora! projection end fbe cam displaces tlxe fessoral cpmponeBt 
foriter posteriorly in a posterior cmeiate xteficiexit or stib^tutiag a total knee. 

Ife invantioD is farther Figures 6 tooiigii 10, 

which do not limit file iMventioo m any maimer. 

Secondary artieulatiBg smfaees, that is, mi the weight bearing surfao^ hut the 
variable stop surfaces is depicted ix* figure 6, Figure S also showing the kt^eo&dylar fenmi 
and tibial regions and relative position of the post 

Refem&g to Figure 7, depicting a cross sectional view of the tibial post and the 
femoral stop, It is notable that the stop prevents the &mm from displacing posteriorly in fell 
exstemioB, and the alienor intercoi^yiar region of the tibial Ix&er presents the femur &oni 
displacing anteriorly m the jkBiir is flexed. After flexion to about 30 to 60 degrees the 
femisr displaces posteriorly by the action of the posterior cruciate Hgaxaent or by a earn 
posteriorly which articulates with the back si2rface of the tibial post. 

Amrfher cross sectional view of the artic^^hjg aM the secondary Mop surfaces is 
shown m figure 8, which also depicts coiiformiiig middle surfaces of tibial lines and the 
intercondylar groove <m the femur to prevent anterior slidmg of the fexiur m early flexion- 

A superior view of the post, as depicted in figure 9, is cmved in ifce transverse plane 
to allow femoral^ibial axial rotation. A moss sectorial view of the surface of the post is 
drawn in figure 10. 

Referring to Figures 11 and 12: Figures 11-A, Jl-B, and li -C depict contact at the 
liMal-femorai mliculaljon of the arsterior cruciate substitufeig knee at 0, 60, and 90 degrees of 
f!exion 9 respectively. The tibial femoral contact areas remain in the middle until about 60 
degrees of felon mid then fcy mcwe posteriorly with fiirilier flexion. Figures 12-A, 
and 12-C depict contact at the tibial-femorai articulation of the coirveixtional posterior 
eniciate substituting teee at 0, 60, and 90 degrees of flexion, respectively. The contact areas 
are located postmoriy at 0 degrees of flexion, move anteriorly at 60 degrees of fiexkm and 
then move posteriorly at about 90 degrees of flexion. 

As best seen m Figures 13 aad 14: the tibial post fbmes (shown by arrows), in the 
anterior cnioi ate substitatmg knee in fell extension are small md distributed evenly an the 
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post (Figure 13). Whereas, in the com f entiotmi posterior cruciate substituting knee in fell 
eKtensioB, they are large and localized on the edges of fee post (Figure 14), 

The immtkm is fertte depicted in fetches as best seen m Figures 17 through 22, 
wMeh do not limit the invention in my mrnmsr. 

Figure 17 depicts hieraciate siibstiiutiiig tibial liner with a pest to articulate with fee 
iiitercoiKiylm* partial of the femtn:, wherein the post is sobstaHtially curved in the sagital and 
coronal plane to control the aBt^^osterior. Figure 17 also depicts displacement and 
rotation of the femur during fiexioi^extensioii. 

Figure 18 shows different close up views of- the feieroeiate suhstitiiting post Figure 
19 shows sketches of asymmetric posts, wherein medial side is smaller m ftoKt-back 
diBisBsions than the lateral side to allow femoral component external rotation m flexion. 

As shown in Figure 20 are sketches of shallow ish anterior cruciate ligament 
substituting knee with intact posterior criiciate ligament of a low coftfoniiitig design, with 
central post that is snbstai^afiy curved in fiie sagittal and coronal planes. The ii3tercondylar 
region of the femur where the post articitlates is indicated by a arrow . 

As illustrated ih Figure 21 is sketch of a deep dish aiiteiior cruefe^ s^bsdfetmg Jtoee 
with frontal femoral cam The sketch depicts m a&terior cruciate substituting design with 
intact posterior cruciate ligament employing a cam on the femoral component in the anterior 
intercondylar area and a post on the liner that Is substan#ally curved in the sagittal plane. 

As depicted m Figure 22, are different views of the femoral component to articulate 
with hiemeiate substituting tibiaMmer with a posterior cam only, 

The products and processes of this invention involve various types of polymeric 
materials, for exaxopie, any polyoleim, including Mgh-density-polyethyl^e ? low^ensity- 
poiy^hylene, MneaMow^ensi^^ nlte-bigli molecular weight polyethylene 

(UHMWPE), or mixtures thereol Polymeric materials, as used. herein, also include 
polyethylene of various fonns, fox example, resin powder, flakes, particles, powder, or a 
mixture thereof or a consolidated form derived from any of the above. 

Ultrahigh molecular weight polyethylene (XJHMWPB) refers to linear ncm-branched 
chains of ethylene having molecular weights in excess of about 500,000 v preferably above 
about 1,000,000, and more preferably above about 2,000,000, Qflen the molecular weights 
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can reach about 8,000,000 or more. By initial average mokcplar wdght is mepBt tie ayerage 
molecular weight of the 1MMWPE starting material, prior to any imdiafioiL See US Patent 
5,879,400; PCT/US99/I6070 3 fifed on July 16, 1999; PC17US97/C2220, filed February 11, 
1997; and US Patent pnhlicatioB 20030149125 (US Application Serial No. 10/252,582), Sled 
Sept^oiber 24, 2002. 

Crosslinked polymeric material, as used herein, include UHMWPE cross^Mced by a 
variety of approaehes, including those s^loying cross^j^Bg cfeemicals (such as peroxides 
and/or silane) and/or iixadiation. Preferred approaches for c^ross-liiikiiig employ irradiation- 
Cxosslisikcd XJHMWPE can be obtained according to the teaeMngs of US Patent 5,879^00; 
US Patent 6,641,617; FGT/US97/02220; and US Patent publication 20030149125 (US 
Application Serial No. 10/252,582), fifed Sepfeoiber 24, 2002, the entirety of whick are 
hereby incorporated by reference. 

The products and processes of this invention involve various typos of metals. The 
metal can be a cobalt ehfome alfoy, staMess steel, titasmun, titamum alloy or iiickei cobalt 
alloy, for example. Various metal types can also be found in US Serial No. 60/424J09, filed 
November s, 2002 (PCT/US03/1 8^53, ©ed June 10, 2003, 2004000159). 

The products of this invention can include m 'ixterfkce", which refer as the niche in 
medical devices fonried when an implant is in a configuration where a component is in 
contact with another piece (such as a metallic or a noB-mei&Iiic con^onent), which foims an 
Interface between the polynia and the metai or another polymeric material For example, 
interfaces of poiynier-polymer or polymer-metal are in medical pmsthesis, such as knee 
replacenie?^ prostheses. Varions metal/non-nietal types and hrterfaces also can be found in 
US Serial No. 60/424,709, filed Novemtoer 8, 2002 #€T/US03/1 8053, filed June 10, 2003, 
WO 2004000159), ttie entirety of which is hereby ineosporated fey refermee. 

In accordance with the iirveirtion, the piece forming m iirterfece witJi polymeric 
material is, for exarnple, a metal. The metal piece in ftaciional relation wife polyethylene, 
according to the present im'ention, can be made of a eohaii chrome aUoy, stainless steel, 
titamMm, titanium alloy or nickel cobalt alloy, for example* 

hi accordance with the invention, the piece forming an interfeoe with polymerio 
material is, for example, a noa-motaL The non-metal piece in functional relation with 
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polyefeyleue, accordkg to the present hweiitio^ cm be made of ceramic material, for 
example. 

The invention is further described by the followiitg examples, -wl^^--siak..Ua&^ 
immtiMM m any maimer. 

Example L Bkraeait^ Siil>»titsit«ig PCS) Tisial Miiee: 

.An anterior cruciate Hgatsient subsisting Joise replacement (hkrueiate substituting 
Mee ? BCS) was designed by a computer assisted design, process usipg solid modeling 
software. A tibial liner was desig&ed to have a cmte&l post with axs anterior surface, which 
was substetially curved in the sagittal and coronal planes. The curvatures of the anterior 
surface were designed by subtisctitig ike femoral geometry torn the tibial post geometry, 
with the femoral: component in various degrees of fiexioB, desired anterior^osteciar 
IraisiadoM, and wtatiom at different degrees of flexion. The desired aeterior-posteriar 
translations and rotations were based on m vivo kmenxatic data determined using a normal 
knee. A midline location of femoial tibial articular contact m Ml extension was deakabk> 
while the ea&tact points wore posteriorly with iucreasmg knee flexion. This generated a 
eoiiiptex surface geometry with varying degrees of radii in both sagittal mid coronal phmm 
fbr the anterior surface of the post The simulated kfenatics and mecfaaiics were compamd 
to a conventional posterior cruciate (only posterior cracMe sufostitatMg knee design (PS 
desiga), currently used m patients), which is not designed to s^titute the anterior cruciate 
ligame&L 

Geometric solid models were created for both types of prosthesis. A bieruciate 
siibstitotiiig (BCS) knee replacement: prosthesis with a tibial insert containing a central post, 
which wm snbstantially curved in the sagittal ami coronal planes on the anterior surface to 
articulate with the mtercondylar portion of the femoral campoiient in lull extensioxa and early 
flexion prosthesis of the cwrent design), and a traditional posterior cruciate substituting 
design (only posterior cruciate substituting design, the PS design) were used to create solid 
models. The femoral component had a posterior cam in both designs. The tibial liner had the 
anterior surface, which contacted and articulated with fee distal most intercondylar region of 
the fenaml component (trocMea) in fell extension, when no external body load was applied, 
whereas in the PS design no such contact had occurred. A dyimmie explicit finite element 
analysis was carried out for the various activities of daily living mzh as walking, siair- 
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climbing, and squatting (See, Taylor and Walker, JBwmech 2001 34(7):839-84S; Beams et 
aL Clin Orthop. 2003 (416):37-57; and li et al, 48th Ammal Meeting zfthe OR Society? 
Poster No: 0967), 

A time varying vertical load (acting through the center of fee epieondylar axis with a 
peak load of 1700 Newtons) was used to sinialate weight bearing forces. The femoral 
component was flexed through fee center of the epkOBdylar axis and the load and flexion 
angle was synchronized with fee in viva data. The fermr was allowed to sIMe in aMerior- 
posterior, mediai-l&teral aid v&nis-valgus directions without displacement constraints, limited 
only by the Motional and geometrical forces generated at the contact interfaces Tibial 
rotation (internal with increasmg flexion) with a maximum of 12 degrees was iiBposed on the 
tibial cernpone^ acting along a vertical axis fern tb^ geonietrfcal center of the liner. Contact 
surfaces were defined at the liner-femoral eonijx>nent and the iiner-tibial tray interfaces with 
static and dynamic Motional ec^filciexits of 0,01- The femoral and tibial cort^nenis were 
treated as rigid bodies. UHMWPB liner was modeled as isotropic plastic with material 
properties mmsmzd from earlier experiments (for e&ample. Elastic modulus «' 820 MPa in 
the linear regioB^ Foisson ratio = 0.439, yield stress ~ 22.78 MPa, hafdenhig modulus 195 
MF&)> The model coMained appix>x&nately 180,000 elements hni no ligaments or other soft 
tissue restraints. 

The coisipnter simulation study showed that as soon as the loading began in fee BGS 
as designed, there was eon* act between the anterior surface of the post mid the most distal 
part of the Mer^ondylar region of the femoral component (trochlea), Wife fbrthm: load this 
forced the femoral condyles to articulate with tibial condyles at the center of the tibial 
condyles medially and lately, (see Figures 1 1 A* 1 1 -B and 11-C), The resulting stresses on 
the antmor surface of the post were small, < 10 MPa, and dfetribotedover a large area of the 
surface (see Figwe 13), With fether flexion of the femoral compOBerit, the contact between 
the femoral condyles and the tibial condyles remained in the center both medially and 
laterally to about 80 degrees of flexion. Thereafter, contact between the post and the femoral 
cam oeemred on the posterior sorfeee and forced the femur to translate posteriorly resulting 
in progressive posterior displacement of the femoral tibial condyle contact points medially 
and laterally till maxirmim knee flexion. 

In contrast, in the traditional PS knee design, no contact oocnrs between the femora! 

trochlea and the anterior flat surface of the post at fell extension and at the beginning of 
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loading. As the vertical load increased prior to the k&tiaiion of feion, the femoral 
component slid posteriorly on She tibial Vmm to the lowest poiiit on the arficralatkm, which 
was 4 millimeters posterior to the midline. Anterior contact occurred at this point between fee 
post and the femoral component trochlea- However, by then the contact area between fee 
femoral and tibial condyles was:;several millim^^ po^eri€3a v to; tbo. imdliiie (see Figures 12- 
A, 12-B 5 and 12-C). T3*e contact between the anterior snrfeee of the post and fee femoral 
trochlea also was highly localized to medial and lateral corners of the post The high 
ioea&ecl eoiitact stresses oeemred at these regions were about >15 Mpa (see Figure 14); The 
contact occurred fern fee posterior sliding of fee femoral eonopcm^it on fee tibia prior to any 
knee fiexiOB, even though the femoral component was oriented is line wife the femoral axis 
and fee tibial component did not have any posterior slope. As the femnr is teed nnder load, 
fee femora! component is translated anteriorly with respect to fee tibia. The tibial femoral 
condylar contact stresses was moved anteriorly reaching 7 millimeters anterior to fee midline 
at 60 degrees of flexioa. At ahooi 70 degrees of flexion, contact occurred hetween fee 
posterior surface of the post and the fenioi^ cam. This led to a rapid posterior transMion of 
fee femur with further fiexiOB, The tibial femoral condylar contact surfaces are translated a 
total of 22 imllimelers posteriorly wife further Umion to 150 degrees (from about 7 
irnilmMters aaterior to fee midlfee to about 15 rml&neters posterior to fee midline) (see 
Figures 12^A ? 12-B, and I2-C), 

Therefore, according to fee above Anterior Cruciate li^EHCCietit-r- s^stiliitiiis "lQB©e 
replacement desi^i ? the femoral tibia! condylar contact points moved in a desirable manner 
similar to the normal l<nee« In contract* m fee traditional posterior caudate ligament 
substituting only total knee replacmient design, mmk larger and paradoxical traissiatioBS of 
the contact points occurred. The large translations of the contact points is detrimental to the 
wear 6f the plastic, increases tibte demands on fee muscles around the knee, and produces 
aboaonnal movements of the total knee replacements. The smaller and more evenly 
distributed contact stresses between the femoral trochlea and the anterior post surface witfe 
the BCS design also are beneficial in decreeing the chances for tibial component breakage. 
Minimizmg the large transitions of the contact areas, also nitmmkes the -tilting the liner 
within the metal tray and reduces the shear mi tensile forces at the pro^hesls-bdne interface, 
thereby impro ving the longevity of total toee replaoementSv 

Example 2* Anterior erseiate si$fo$titotfog kme wifib m intmt posterior crmmie: 
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An anterior cruciate Eganimt gobstitutiiig knee replacement (anterior cruciate 
substituting knee with m intact posterior craeiate) was designed. A tibial liner was designed 
with medial m& lateral condyles with radii of curvatures sMghtly larger than the nidii of 
ciirvatees of the femoral component in the coronal and sagittal plains. A central post was 
added to the tibial liner with an anterior surface^ which was suhsianti&HY curved hi the 
sagittal and coronal planes. In order to do this* a large box shaped post was added to the 
tibial liner in the mt^o4ylar regioiL The femora! component was then placed on the tibial 
liner with varying degrees of flexion and desired axiterior-po^texior traiislatiam m& rotations 
to simulate the kinmiaties of the normal fcnee in 3exio&, The femoral geometry was then 
subtracted from fee tibial liner post at the different degrees of femoral component postion. 
The curvatures of the anterior surface of the post wi^ designed by snbtraeting the femoral 
trochlear geometry Mm the tibial post geometry, wife the femoral component in various 
degrees of fiesioa (ftorm full extension to 30 degrees of flexion) mid desired anterior- 
posterior tr^slatiGBS and rotrnkms at different degress of flexion. The desired aBterior- 
posterior translations and rotations were based on in vivo ktoeniatic data determined using a 
normal knee. A midime location of femora! tibial aitimlar contact in &11 extension was 
desh^bte, while the contact points were posteriody with increasing knee flexion. This 
generated a complex si^face geometry with varying degrees of radii in both sagittal and 
coronal planes for fee anterior snrface of the post. The posterior surface of post did not make 
contact with the femoral component The posterior cruciate ligament was intact Mid pro vided 
the posterior translation and rotation of the femoral eoinponeni greyer than 30 degrees of 
flexion. 

A dynamic explicit finite element analysis also was carried, out for this design for fee 
various activities of daily living such as walking, sta^ (See, Taylor 

and Walker, JBiomecL 2001 34(7): 839-848; Dennis et al, Clin (416}:37-S7; 
and Li et al, 48th Anmml Meeting cf the ORS^^ 

The femoral componeW flexion and rotation as well as the external loads were inptii 
in the model, tot the anteriot^posterior displacement of the femoral cpsnponeot were not 
constrainM. The results of the analysis showed that during fell extension, the contact points 
betwem the femur and the tibial ikier were maintained neai the miMe of the tibial condyles 
during fee first thirty degrees of fle&ion. During Ml extension the feoral trochlea contacted 
the anterior surface of the post hut contact stresses on the post were modest and remained 
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below 3 MPa, which was desirable for foe post Initial posterior contact of the femoral 
component on the tibial condyles and the subsequent paradoxical anterior translation of the 
femoral component during flexion did not occur, therefore providing a more normal 
kinematics to the knee. 

Contact stresses on the tibial surfaces, according to the above study, show midline 
contact and anterior post contact in Ml extension (see Fi gure 15), Vector plo ts of the contact 
stresses in full extension indicate that post contact stresses remained below 3 MPs (see Figure 
16). 

Example 3. Anterior criieiate sohstitatiag knee with an atiSerSor femoral cam 
and fetact or absent posterior eracsate: 

An anterior cruciate ligament substituting knee replacement (anterior cruciate 
substituting knee with an intact or absent posterior cruciate ligament and an anterior femoral 
cam) was designed. The tibial liner was deeply dished medial and lateral condyles with radii 
of curvatures slightly larger than the radii of curvatures of the femoral component in the 
coronal and sagittal planes. The anterior articular surface of the tibial liner was farmer 
elevated to conform with the anterior surface of the femoral component to prevent additional 
resistance to the anterior translation of the femoral component in mid ami late flexion. An 
anterior cam was added to the femoral component near the trochlear region attacmg the 
medial and lateral femoral condyles anteriorly. A central post was added to tie tibial liner 
with an anterior surface, which was substantially curved in the sagittal plane. In order to do 
this, a large box shaped post was added to the tibial liner in the istercodylar region. The 
femoral component was then placed on foe tibial liner with varying degrees of flexion and 
desired anterior-posterior translations and rotations to simulate the kinematics of the normal 
knee in flexion. The curvatures of the anterior surface of the post were designed so that the 
femur extends from 30 degrees of flexion, the cam and post contact displace foe femoral 
component anteriorly to foe midline, even if the femoral -tibial condyl ar contact at 30 degrees 
occurs posteriorly. The desired anterior-posterior translations and rotations were based on in 
vrw> kinematic data determined using a normal knee. A midline location of femora! tibial 
articular contact in foil extension was desirable, while foe contact points were posteriorly 
with increasing knee flexion. "The posterior surface of foe post did not make contact with foe 
femoral component. The posterior cruciate ligament was intact and provided the posterior 
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translation and rotation of the. femoral component greater than 30 degrees of flexion. No 
suelx posterior tmmlaticm wobM take place if the posterior eraetate is <feiJcient and the 
stability m flexion is provided by the conjfoimiiy between the femoral aod tibial eondylar 
surfaces, 

A dynamic explicit finite element analysis also was carried out for this design for the 
various activities of daily living such as wa&ing, stair^ciiiribHig> and sepattsBg (See, Taylor 
and Walker, J Biamech, 2mi 34(7):839^S48; mtsms et al, Clin Orihop, 2003 (416):37~57; 
and li a/* 48th Amttml Meeting of the OR Society, Foster No: 0967). The femoral 
compon^ flexion and rotation as well as fee external loads were iiaput iii the model, but the 
a£itaior-posferior displacmient of the femoral component we^ not constrained. The results 
of the analysis showed that during fall e^tensioji, the contact ponxte betwe^ fee fennir and 
the tibial liBer were maintained near the middle of the tibial condyles or siigMly posterior 
drag the fest thirty degmes of ftemkm. From thirty degrees of flexion to Ml extension, the 
femoral cam contacted the anterior surface of the post gradually displacing the fesnoral 
component condylar contact point anteriorly to the midline. The contact stresses on the post 
were modest and trained below 5 MPa y which was desirable for the post Initial posterior 
cb&iaet of the fensor&l component the tibial condyles and the subsequent paradoxical 
anterior translation of the femoral component daring flexion did not ocen^ therefore 
providing a more normal kinematics to the knee. 

It is to be understood thai the deseop tioji 5 specific ex amples and data, while indicating 
exemplary embodiments, are given fay way of illustration and are not intended to limit fee 
present invention. Varions changes and modifications within the present invention will 
become apparent to the skilled artisan from the discussion, disclosure and data contained 
herein v and thus are considered part of lie invention. 
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